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MTBNL
MTAEPEVRTLREVVLDQLGTAESRAYKMWLPPLTNPVPLHELIARDRRQPLRFALGIMDE

PRRHLODVWGVDVSGAGENIGIGGAPQTGRETLLOTMVMEARATHSPRNVOFYCIDLGGE
QLTYLENLPHVGGVANRSEPDKVNRVVAEMQAVMRCORETTFKEHRVGSIGMYRQI-RDDPS
QPVASDPYGDVFLIIDGWPGFVGEFPDLEGQVODLAAQGLAFGVHVIISTPRWTELKSR?
RDYLGTKIEFRLGDVHETQIDRITREI PANRFGRAVSMEKHHLMIGVPRFDGVHEADNLV
EAITAGVTQIASQHTEQAPPVRVLPERIHLHELDPNPPGPESDYRTRNEIPIGLRETDLT
PAHCHMHTNPHLLIFGAAKSGKETIAHAIARAICARNSPQQVRFMLADYRSGLLDAVPDT
HLLGAGAINRNSASLDEAVQALAVNLKKRLPPTDLTTAQLRSRSWWSGFDVVLLVDDWHM
IVGARGGMPPMAPLAPLLPARADIGLEI IVTCOMSQAY KATMDKFVGAAFGSGAPTMELS
GEKOEFPSSEFKVKRRPPGQAFLVSPDGREVIQAPY IEPPERVFAAPPSAG

MTHENZ
MEKMSHDPIAADIGTQVSDNALHUGVTAGSTALTSVTGLVPAGADEVSAQARTAFTSEGID

LLASNASAQDOLURAGEAVODVARTYSQIDDGARGVFAR

MIBN3
MLWHAMPPELNTARLMAGAGPAPMLAAAAGWOTLEAALDAQAVELTARLNELGEAWTGGG
SDKALARATPMVVWLOTASTQAKTRAMOQATAQARAYTQAMATTPSLPEIAANHITQAVLT
ATHNFFGINTIPIALTEMDYFIRMWNQAALAMEVYQAETAVNTLFERKLEPMASILDPGAS]
STTNFIFGMEEPGSSTEVGRLPPAATOTLEGOLGEMSGPMRQLTORLQOVTSLF SQVGGETG
GENPADEEAAQMGLLGTSPLSNHPLAGGSGPSAGAGLIRAES LPGAGGELTRTPLMSOLY
EXPVAPSYMPAARACSSATGGAAPVGAGAMGQGAQSGGSTRPGLVAPAPLAQEREEDDED
DWDEEDDYW

MTEN4
MAEMKTDAATLAQEAGNFERISGDLKTQIDOVESTAGSLQGOWRCGARGTAAQARAVVRFQE

AXNKQKOELDEISTNIRQAGVQYSRADEEQQOALSSOMGE

MIBNS
MAADYDKLFRPHEGMEAPDDMBAQPFFDPSASFPPAPASANLEPRKPNGQTPPPTSDIOLSER
FVSAPPPPFPPPPPPPPTEMPIAARGEPPSTEPAASKPPTPPMPIAGPEPAPPKPPTPRMP
IAGPEPAPPKPPTPPMPIAGPAPTPTESQLAPPRPPTPQTPTGAPQQPESPAPHVPSHER
HOPRRTAPAPPWAKMPIGEPPPAPSRPSASPAEPPTREAPQHERRARRGHRYRTDTERNV
GKVATGPSIUARLRAEEASGADLAPCTEPSPAPLGRPRS TLAFPTRPAPTEPPPSPSPOR
HEGRRAERRVHPDLAAQHAAAQRPLES ITAATTCGRRRKRAAPDLDATQKELRPAAKGPKVK
KVKPORPEKATKPPKVVSORGHRHWVHALTRINLGLEPDEKYELDLHARVRRNPRGSYQIA
VVGLKGGAGKTTLTAALGSTLAQVRADRILALDADPGAGNLADRVERQSGATIADVLAEK
ELSHYNDIRAHTSVNAVNLEVLEAPEYSSAQRALSDADWHFIADPASRFYNLVLADCGAG
FFDPLTRGVESTVSGVVVVASVEIDCGAQOASVALDHWLENNGYQDLASRACVVINHIMPGE
PNVAVKDLVRHFEQQVOQPGRVVVMPRDRHIAAGTEISLDLLDPIYKRKVLELAARLSDDF
ERAGRR

FIG 1A
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MIBN6E
LSAPAVAAGPTAAGATAARPATTRVTILTGRRMTDLVLPAAVPMETYIDDTVAVLSEVLE

DTPADVLGGFDFTAQGVWAFARPGSPPLKLDQSLDDAGVVDGESLLTLVSVERTERYRPLY
EDVIDAIAVLDESPEFDRTALNRFVGAAIPLLTAPVIGMAMRAWWETGRSLWWPLAIGIL
GIAVLVGSFVANRFYQSGHLAECLLVTTYLLIATAAALAVPLPRGVNSLGAPQVAGALATA
VLFLTLMTRGGPRERHELASFAVITATAVIARAAAFGYGYODWVPAGGTAFGLF IVINAA

KL TVAVARIALPPIPVPGETVDNEELLDPVATPEATSEETPTHQAIIASVPASAVRLTER
SKLAKQLLIGYVTISGTLILAAGAIAVVVRGHFFVHSLVVAGLITTVCGFRSRLYAERWCA
WALLAATVAIPTGLTAKLIIWYPHYAWLLLSVYLTVALVALVVVGSMAHRVRRVSEVVKRT
LELIDGAMIAAIIPMLLWITGVYDTVRNIRF

MTEN7
MAEPLAVDPTGLSAAAAKLAGLVFPQPPAPIAVSGTDSVVAAINETMPSIESLVSDGLEPG

VEAALTRTASNMNAAADVYAKTDOSLGTSLSQYAFGESSGEGLAGVASVGGEQFPSQATOLLS
TPVSQVITQLGETAAELAPRVVATVEQLVOLAPHAVOMSOQNASPIAQTISQTAQQAAQSA
QGESGPMPAQLASAEKPRATEQAEPVHEVTNDDQGDOGDVQPAEVVAAARDEGRGASPGOQ
PEGGVPAQAMDTGAGARPAASELAAPVDPSTPAPSTTITL

MTENS
MSITRPTESYARQMLDPGGWVEADEDTFYDRAQEYSQVLORVTDVLDTCRQQKGHVFEGG
LWSGCGAANAANGALGANINQLMTLODYLATVITWHREIAGLIEQAKSDIGNNVIDGAQRE]
DILENDPSLDADERHTAINSLVIATHGANVSLVAETAERVLESKNWKPPKNALEDLLQQOK
SPPPPDVPTLVVPSPGTPGTPGIPITPGTPITPGTPITPIPGAPVIPITPTPGTPVTPVT
PGKPVIPVTPVKPGTPGEPTPITPVIPFVAPATPATPATPVTPAPAPHPQPAPAPAPSPG
POQPVIPATPGPSGPATPGTPGCEPAPHVKPAALAEQPGVPAQHAGGCTQSGPAHADESAL
SVTPLAASGVPGARAAAAAPBGTAVGAGARSSVGTAAASGAGSHAATGRAPVATSDKARA
PSTRAASARTAPPARPPSTDHIDKPDRSESADDGTPVSMIPVSAARAARDAATAAASARQ
RGRGDALRLARRIAAALNASDNNAGDYGFFWITAVITDGS IVVANSYGLAYIPDGMELPN
KVYLASADHAIPVDEIARCATYPVLAVOAWAAFHDMTLRAVIGTAEQLAS SDPGVAKIVL
EPDDIPESGKMTGRSRLEVVDPSAAAQLADTTDOQRLLOLLPPAPVDVNPPGDERHMLWFE
LMKPMTSTATCREAAHLRAFRAYAAHSQEIALHQAHTATDAAVORVAVADWLYWQYVTGL
LDRALAAAC

FIG 1B
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1 atgactgctg aaccggaagt
51 getcggeact gectgaatcge
101 ccaatccggt cccgcetcaac
151 ctgcgatttg ccctggggat
201 tgtgtggggc gtagacgttt
251 gegeacctea aaccgggaag
301 gecgecgcoca cacacteacce
351 aggtggcggc gggetgatct
401 tagcraatcg gtccgagcece
451 caagccgtea tgeoggeaacg
501 ctegateggg atgtaccgge
551 cgtcecgatec atacggegac
601 tttgtcggcg agttcccoccga
651 ccaggggcetg gegtteggeg
701 cagagctgaa gtegegtgtt
751 cggettggtg acgtcaatga
801 ccecggegaat cgteegggtc
851 tgatcggogt goccaggtto
901 gaggcgatca ccgcgggggt
951 ggeacctecg gtgegggtcoce
1001 acccgaaccc gcocgggacca
1051 cegatcgget tgocgegagac
1101 cacgaacccg cacctactga
1151 cecattgcceca cgcgatcgeg
1201 caggtgceggt tceatgcectege
1251 geceggacacce catctgeotgg
1301 cgctagacga ggccgttcaa
1351 cecgecgaceg acctgacgac
1401 cggatttgac gtegtgctte
1451 ccgoceggggg gatgecgecg
1501 gcggeagata tcggghbtgca
1551 ttacaaggca accatggaca
1601 ctccgacaat gttccttteg
1651 ttcaaggteca agcggegeooc
1701 cggraaagag gtcatccagg
1751 tecgcagcacc cccaagegoeco
mtbn2

1 atggaaaaaa tgtcacatga
51 gagegacaac gctcectgcacg
101 cggtgaccgg getggttceec
151 gcgacggegt tcacatcgga
201 ggcccaagac cagctccacc
251 gcacctattc gcaaatcgac
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acggacgctg
gtgcgtacaa
gagctcatcg
catggatgaa
ccggggecygy
tegacgectac
gcgcaacgtt
atctcgaaaa
gacaaggtca
ggaaaccace
agctgcgtga
gtcttitctga
ccttgagggg
toccacgtcat
cgcgactacc
aacccagata
gggcagtgtc
gacggcgtge
gacgcagatc
tgceggageg
gagtccgact
ggacctgacyg
tettcggtge
cgcgccattt
ggactaccgc
gcgeecggege
gcactagcgg
ggegecagceta
tggtcgacga
atggcaccgce
catcattgtc
agttegtegg
ggcgagaage
cectggecag
cccectacat
ggttaa

tcegateget
gcgtgacgge
gcgggggeceyg
gggcatccaa
gtgcgggcega
gacggcgecodg

FIG 2A

cgcgaggttg
gatgtggctg
cccgtgateg
ccgcgeegec
cggcaacate
tgcagacgat
cagttectatt
cctteecacac
accgggtggt
ttcaaggaac
cgatcecaagt
tcatcgacgg
caggttcaag
catcteccacg
tcggecaccaa
gaccggatta
gatggaaaag
acagcgccega
gectteececage
tatccacctg
accgeacteg
ccggetcact
ggccaaatcg
gtgccecgaaa
tcgggcectge
gatcaaccgce
tcaacctgaa
cgeteogegtt
ttggcacatg
tggcececegtt
acctgtcaga
cgccgecatte
aggaattcec
gcatttctcg
cgagccteca

gccgacattg
cggcteogacy
atgaggtcectc
ttgetggett
agcggtcecag
ceggegtcett
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tgctggacca
ccgccecgttga
gcgacaacca
atctacagga
ggtattgggg
ggtgatgteg
gcatcgacct
gtcggtgggg
cgcagagatg
accgagtggy
caacccgttg
atggecoggt
atctggeegce
ccacgctgga
gatcgagttc
ccegegagat
caccatctga
taacctggtg
acaccgaaca
cacgaactcg
ctgggagatt
gecacatgea
ggcaagacga
cagtccccag
tggacgcggt
aacagcgcgt
gaagcggttg
cgtggtggag
atcgtgggtg
attgecyggeyg
tgagccaggce
gggtcgggeyg
atccagtgag
Lctegecaga
gaagaagtgt

gcacgcaagt
gcgetgacgt
cgcccaagcg
ccaatgcatce
gacgtcgeec
cgccgaatag
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accggagcta aataccgcac ggctgatggce

ggcegeggga
agttgaccgc
agcgacaadgg
cgcgteaaca
cggcatacac
gccaaccaca
caacacgatc
ggaaccaggc
aacacgcttt
cgegagecag
gctcaacacc
caactgggtg
gcaggtgacg
cagccgacga
tcgaaccate
getgegegeg
cgctgatgtc
geggetgetg
gggagcgatg
tggteogegeco
gactgggacg

ctcgcgecagg
ccagateogac
geggegeggce
gcagccaata
tcaggccggce
tgtceoctegea

ccgcacgaag
cgaccccagt
agcccaacgg
ttcgtgteogg
aactccgatg
catctaaacc
ccacccaaac
cccacccaaa
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mtbn3
1 atgctgtggce acgcaatgcce
51 cggegegggt coggetccaa tgettgegge
101 ttteggegge tctggacget caggecocgteg
151 tectetgggag aagcctggac tggaggtgge
201 tgeaacgeceg atggtggtet ggcetacaaac
251 cecgtgegat gecaggecgacg gogcocaageed
301 geecacgacgce cgtegetgee ggagategece
351 cgtecttacg gecaccaact tettoggtat
401 tgaccgagat ggattatttc atccgtatgt
451 atggaggtct accaggccga dgacegeggtt
501 cgagcecgatyg gecgtegatcce ttgatccocegqg
551 acccgatctt cggaatgcocce teocectggea
601 ttgcegecgg cggctaccca gaccctogge
651 cccgatgcag cagctgaccce agccgcetgea
701 gcecaggtggg cggcaccggc ggcggcaacce
751 cagatgggece tgcteggeac cagtccgetg
801 tggatcaggc cccagcgegyg gcgegggect
851 ctggcgcagg tgggtcgttg acccgecacgc
901 gaaaageccgyg ttgcceceoecte ggtgatgeeg
951 ggcgacgggt ggegecegcecte cggtgggtge
1001 cgcaatccgg cggctccace aggccgggtce
1051 gcgcaggagc gtgaagaaga cgacgaggac
1101 ctggtga
mtbn4
1 atggcagaga tgaagaccga tgccogctacce
51 tttegagegg atctoecggeg acctgaaaac
101 cgacggoagg ttegttgeag ggccagtggce
151 geccraggeeg cggbggtgeg cttcoccaagaa
201 ggaactcgac gagatctcga cgaatatteg
251 cgagggccega cgaggagcag cagcaggcegqc
301 tga
mtbns
1 atggcggccg actacgacaa gctettccogyg
51 tcecggacgat atygcagege agocgttcett
101 cgceoggegee cgcatcggea aacctacoga
151 c¢cecececcgacgt cogacgacct gteggagegg
201 gececacececca ccecccaccte cgectecgee
251 caggagagec dgcocctogecg gaacoggecg
301 cccatgccecca tcgocggace cgaaccgdgcoc
351 ceecatgecce atcgcoceggac ccgaacceggce
401 ctceccgatgece catcgeccgga cctgcaceca

FIG 2B

cceccaaccga

tggcagacgc
gogccetgaac
cgcttgeggce
caggccaaga
ccaggcceatg
tcacccaggce
ccgatcgegt
agcectggcea
tcgagaagcet
agcacgacga
ggttggccag
agatgagcgg
tegttgttea
ggaagccgcg
cgctggetag
gagtegctac
tcagcectgatc
ccggatcgte
ggccagggtg
ggcaccgcete
aagaggacga

aggcaggtaa
caggtggagt
ggggacggcc
agcagaagca
gtccaatact
aatgggcttc

gtatggaagc
gcttcgttte
ccagacteeg
cccecgecgec
ccgatcgeey
acccacacce
cacccacaca
ccacccacac
atcccagttg



U.S. Patent

451
501
551
601
651
701
751
801
851
501
951
1001
1051
1101
1151
1201
1251
1301
1351
1401
1451
1501
1551
1601
1651
1701
1751
1801
1851
1901
1851
2001

gcgceceoca
accggaatca
ggcgcaccge
cegeeogeto
gcctgeecce
cagacaccga
gcgeggetge
ggagccetecg
ccacecegooe
aactceggte
acatgccgeg
gtcgcocegeaa
aggceggegg
gaaggccacg
gggtgcatgce
tacgagctgyg
tcagatcgcece
cagcagcgtt
gctetagacg
acaatcggge
actacaacga
gtgctgccgg
cgactggcat
tggctgattg
tecacggtgt
acaacaggcg
atttggcgag
cccaatgtceg
acccqgecegg
ccgagattte
gaattggccg
a

mtbné

1
51
i01
151
201
251
301
351
401
451
501

ttgagecgeac

ccgatttggt
accgtcgeqgg
cggcggcttce
gatcgecegeco
gacgggtcac
accgttggtce
ctgagttcga
cttttgaceqg
tgggcegtage
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gaccaccgac
ceggegceccee
accagcaccg
cgtccagacce
caacactccce
acgaaacgtc
gggcagagga
ccagcgecgt
cgcgccgaca
ggcgtgccga
gcgcaaccetg
gcgtgeageg
ccaaggggcoc
aagccgceca
gttgacgcga
acctgeacgce
gtcgteggtce
ggggtcgacyg
cggatccagq
gcgaccatcg
catccgegca
caccggaata
ttcatecgeeg
tggggecegge
ceggtgtegt
tcggtegegt
ccgegeatge
cagttaaaga
gtcgtggtcea
actcgacttg
cagcgctatc

Sheet 5 of 8

accacaaacq
acgtaccctce
ccectgggceaa
gtctgegtec
gacgtgcgcg
gggaaggtag
agcatcoceggce
tgggcceaacc
gaacgtecee
gcgacgcgte
attcaattac
ceggatctceg
gaaggtgaag
aagtggtgtc
atcaacctgg
tcgagtcoege
tcaaaggtgg
ttggctcagy
cgceggaaac
ctgatgtgct
cacactagey
cagctoggceg
atcectgegte
ttcttegace
ggtegtggea
tggactggtt
gtggtcatca
cctggtgegg
tgcegtggga
ctegacccta
cgacgatttc

ctgctgttge tgetggtect
tgcgeggect gecaccacce gggtgacgat

actgcrageg
tgctttcoga
gactttaceg
gctgaagcte
tgoctgactct
gaggatgtca
cegecacggca
cgcccgtcat
ttgtggtggc

gcggtgccga
ggtgttggaa
cgcaaggegt
gaccagtcac
ggtgtcagtce
tcgacgogat
ttgaatcgct
cgggatggcg
cgttggcgat

FIG 2C

ccaaccggag
gcacgggceca
agatgcrcaat
ccggecgaac
ccggggtcac
caactggtcce
gegcagetceg
gagatcgtat
ccagccecte
cacccecgatt
ggccgcaace
acgcgacaca
aaggtgaagc
gcagcgeggce
gcetgtcacce
cgcaatocce
ggctggcaaa
tgegggecga
ctegecgate
tgcagaaaaa
tcaatgeggt
cagcgegege
gaggttttac
cgectgaceeg
agtgtctcecaa
gcgcaacaac
atcacatcat
catttcgaac
caggcacatt
tctacaagcg

gagagggctg

accgecegegy
cctgaccgge
tggaaactta
gacacgcodg
gtgggegtte
tcgatgacgc
agtcgcaccg
cgccgtgett
ttgtgggggce
atgcgggegt
tggcatcectg
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cgccgcagea
catcaaccec
cggegaaccc
caccgaccocyg
cgctatcgea
atccatcecag
ccoccggaac
ctggctecge
gccgeagege
tagccgececea
actggecggte
gaaatcctta
cccagaaace
tggecgacatt
cgacgagaag
gcgggtegta
accacgctga
cecggatectg
gggtagggcg
gagctgtecgce
caatctggaa
tcagecgacgce
aacctcgtct
cggcgtgetg
tcgacggcgce
ggttaccaag
gccgggagaa
agcaagttca
geggecggaa
caaggtcctce
gacgtegttyg

gggcaaccgc
agacggatga
tattgacgac
ctgatgtact
getegtecoeg
cggggtggte
agecgctaceg
gacgagtcac
ggcgatcecg
ggtgggaaac
gggatcgetg
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551 tgctggtagg
601 gecegagtgeco
651 gctggeogtg
701 ttgeceggege
751 ggecectcogga
B0l cgcggtcatc
851 tcececegeggg
501 aagctgaccg
851 cggcgaaacc
1001 aggctaccag
1051 ceccgegteeg
1101 tctgatcgga
1151 tegeggtegt
1201 ggtttgatca
1251 ctggtgtgeg
1301 tgacggccaa
1351 agcgtctace
1401 ggctcacgtc
1451 tegacggcgoe
1501 ggggtgtacg
mtbn?

1 atggctgaac
51 gaaattggcc
101 gcggaacgga
151 gaatcgetgg
201 aacagcatcc
251 agtcactggg
301 ggeectggcetg
351 getgetgage
401 ccgctgagct
451 ctggctccege
501 gacgatcagt
551 gecggeecaat
601 caagcggagce
651 cgacgtgcag
701 gegecatecaceo
751 gataccggag
801 cgatcegteg
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cagettegte
tactggtcac
ccgttgecge
cgctacggcec
agcgteatga
gcggecgeced
ggggatcgcea
tegeggtege
gtggacaacg
cgaagaaacc
cggtceggcet
tacgtcacgt
ggtgcgeggg
cgaccgtctg
tgggcgttac
actcatcatc
tcacggtagc
cggegegttt
catgatcgct
acacggtccyg

cgttggccgt
ggcctegtit
ttcggtggta
tcagtgacgg
aacatgaacg
aaccagtttg
gegtegectce
acacccgtgt
ggcaccccgt
acgccgttea
caaaccgccc
gcccgeacag
cggtcecacga
ccggecgagg
gggccagcag
ccggtgeceg
actccggeac
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gegaacaggt
gacgtatctg
gcggggtcaa
gtgctgtttt
gttggegtceg
ctgecttegg
ttcgggetgt
gcggatcgeg
aggagttgcet
ccgacctggce
caccgagcge
cgggcaccct
cacttectttg
cggatttcge
tggcggegac
tggtacccgce
cctggttgcg
caccggtcegt
gccatcatte
caatatccgg

tctaccagag
ctgatcgeaa
ctcgttgggyg
tgaccttgat
tttgecgtga
¢tatggatac
tcattgtgac
ctgcegecga
cgatccegtce
aggccatcat
agcaaactgg
gattctggct
tacacagoct
tcgcggcettt
ggtcgegatt
actatgecctg
ctcgtggtgg
aaaacgaact
ccatgetget
ttctga

cgatcccace ggettgageg
ttecgecagee tcecggegecg

gcagcaatca
gctgeccgge
cggeggegga
agccagtatg
ggtcggtggt
cacaggtcac
gttgttgcga
gatgtcgcaa
aacaggccge
cttgccageg
agtgacaaac
tegttgeegc
cccggeggygyg
cocagegygeg
cctcaacaac

FIG 2D

acgagaccat
gtgaaagccg
cgtcotatgeg
cattcggcetc
cagccaagtc
gacccagetce
cggtgccgea
aacgcatccc
coagagogeg
ctgaaaaacc
gacgatcagg
ggcacgtgac
gegtteecge
agtcegetgg
cacaacgttyg
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cggecacctg
ccgeegeagce
gecgecacaay
gacgeggggce
tcaccgcetat
caggactggg
gaatgcggcc
ttceggtacce
gcgaccecgg
cgcgteggtg
ccaagcaact
gccggtgcea
ggtggtcgeg
acgccgagcg
ccgacgggtc
getgttgttg
tegggtegat
ctggaattga
gtggatcacc

cagcggecge
atcgceggtcea
gcecaagcatc
cecctgacteg
aagaccgate
gtcgggcgaa
aggetaccca
ggcgagacgg
actcgttcag
ccatcgetca
cagggcggcea
ggccaccgag
gcgaccaggg
gaaggcgcecg
gcaagccatyg
cggccccegt
tag
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atgagtatta
gggeggetgg
aatatagcca
cagcagaaaqd
caatgctgec
tgcaggatta
ttgattgage
acgggagatc
gccataccgce
agtctggtcg
acctccgaag
ccccagacgt
ccgggaaccc
cacacccatc
ctcececgteac
gtcaaaccgyg
ceceggtegece
ctececegetee
coocagecgy
gggcacccca
cggagcaaca
gggcctgececo
gtecggtgte
ccgtgggage
geggggtege
ggcggceggcea
cccgececegec
gcagatgacyg
ggcacgegac
gtgatgcget
gacaagcaacyg
cgacggttcc
acgggatgga
atcecggttyg
gcaagoctgg
ccgeggagea
gagccagatg
ggaggtcgtc
agecgtitget
ggcgatgagce
caccgctacc
ctgcccacte
gcggeegtece
caccgggttg
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ccaggccgac
gtggaagceg
ggttttgcaa
gcracgtcett
aacggcgccc
tctegecacyg
aagctaaatc
gatatcctgyg
catcaattca
cecgagaccgc
aacgcactcg
gcetacccetg
cgatcaccce
cegggagegco
gecggtgacce
gcacaccagg
cocggccagcac
acacccgcag
ttacaccgge
gggggcgagce
tggtgtgceg
atgcggacga
cogggegeac
gggcgcegegt
atgctgecac
ccgagcacgc
gtcgaccgat
gtacgcegat
gcecgecactg
geggttggeg
cgggcgacta
atcgtegtgg
attgccgaat
acgaaattgc
gcggetttec
gttggcecagt
acattceogga
gaccccteogg
cgacttgttg
ggcacatgect
ggccgegagg
acaggagatt
agcgtgtggc
ctcgaceggg
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gggecagctat
atgaagacac
agggtcacceg
cgaaggegge
tgggtgcaaa
gtgattacct
cgatateggc
agaatgaccce
ttggtcacgg
tgagcgggtg
aggatttget
gtegtgeocat
gggaaccccg
cggtaactcc
ccgggcaage
cgagccaace
cggcaaccooc
ccggceteegg
cactceceggt
cggcgcecgea
ggccageatg
atccgecogeg
gggcggeggce
tecgagegtgg
tgggcgggeg
gggcggecte
cacatcgaca
gtcgatgate
cagctgcooag
cgacgeateg
cgggttctte
ccaacagcta
aaggtgtact
acgetgtgee
acgacatgac
tcggatceccecy
gagcggcaaa
cggcggctca
ccgecggege
gtggttcgag
cegetecatet
gccctgcacc
cgtegeggac
ccetggecege

FIG 2E

gccagacaga
tttctatgac
atgtattgga
ctatggtceyg
catcaatcaa
ggcacaggca
aataatgtgg
tagectggat
cgacgcatgg
ctggaatcca
tcagcagaag
ceccgggeac
atcacccegyg
gatcacacca
cggtecacecec
ccgatecacgce
ggcoacgecc
caceoggegeo
ccgtetggte
cgtcaaaccce
cgggcggygyg
tecggtgacge
cgeegegeeyg
gtacggccgc
ccggtggeta
ggcgceggacyg
aacccgateg
ccggtgtegy
cgoccgecag
cggcggegcet
tggatcaccg
tgggctggec
tggccagege
acectaceegg
gctgegggeg
gtgtggccaa
atgacgggcc
gctggccgac
cggtggatgt
ctgatgaage
gegggegtte
aagcgcacac
tggetgtact
cgeatgeotga
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tgetggatec
cgggcccagy
cacctgcege
geggegecgce
ttgatgacgc
tattgceggg
atggcgctca
gctgatgage
ggccaatgtce
agaattggaa
tcocgeccgecac
acogggceaca
gaaccccaat
acgceccggcea
ggtgaccgey
cggtcaccce
gttaccccag
atcgeetgag
cagcaacacc
gcggegttgg
gacgcagtceg
cggetgecgge
agcggtaceg
ggcctogggce
cctcggacaa
gcacctecetyg
cagcgagtct
cggcteggge
cgtggeegeg
caacgcgtcc
cggtgaccac
tacatacccg
ggatcacgca
ttttggeegt
gtgatcggta
gattgtgctg
ggtcgegget
actaccgatc
caatccacceq
ccatgaccag
cgggcctacy
tgcgactgac
ggcaatacgt
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1
PROTEINS EXPRESSED BY
MYCOBACTERIUM TUBERCULOSIS AND
NOT BY BCG AND THEIR USE AS
DIAGNOSTIC REAGENTS AND VACCINES

This application is a Divisional of U.S. patent application
Ser. No. 14/201,308 filed Mar. 7, 2014, now U.S. Pat. No.
9,238,066, which is a divisional of, and claims priority to,
U.S. application Ser. No. 13/893,659, filed May 14, 2013,
now U.S. Pat. No. 8,974,800, which is a divisional of, and
claims priority to, U.S. application Ser. No. 13/198,108,
filed Aug. 4, 2011, now U.S. Pat. No. 8,992,942, which is a
continuation of, and claims priority to, U.S. application Ser.
No. 12/503,717, filed Jul. 15, 2009 and now U.S. Pat. No.
8,021,832, which is a continuation of, and claims priority to,
U.S. application Ser. No. 11/677,502, filed Feb. 21, 2007,
now U.S. Pat. No. 7,579,141, which is a divisional of, and
claims priority to, U.S. application Ser. No. 10/009,383,
filed Mar. 4, 2002 and now U.S. Pat. No. 7,932,373, which
claims priority to International Patent Application No. PCT/
US00/12257, filed May 4, 2000, which claims priority to
U.S. Provisional Application Ser. No. 60/132,505, filed May
4, 1999, the disclosures of each of which are hereby incor-
porated by reference in their entireties.

BACKGROUND OF THE INVENTION

Tuberculosis infection continues to be a world-wide
health problem. This situation has recently been greatly
exacerbated by the emergence of multi-drug resistant strains
of M. tuberculosis and the international AIDS epidemic. It
has thus become increasingly important that effective vac-
cines against and reliable diagnostic reagents for M. tuber-
culosis be produced.

The disclosure of U.S. Pat. No. 6,087,163 is incorporated
herein by reference in its entirety.

SUMMARY OF THE INVENTION

The invention is based on the inventor’s discovery that a
polypeptide encoded by an open reading frame (ORF) in the
genome of M. tuberculosis that is absent from the genome of
the Bacille Calmette Guerin (BCG) strain of M. bovis
elicited a delayed-type hypersensitivity response in animals
infected with M. tuberculosis but not in animals sensitized
with BCG. Thus proteins encoded by ORFs present in the
genome of M. tuberculosis but absent from the genome of
BCG represent reagents that are useful in discriminating
between M. tuberculosis and BCG and, in particular, for
diagnostic methods (e. g., skin tests and in vitro assays for
M. tuberculosis-specific antibodies and lymphocyte respon-
siveness) which discriminate between exposure of a subject
to M. tuberculosis and vaccination with BCG. The invention
features these polypeptides, functional segments thereof,
DNA molecules encoding either the polypeptides or the
functional segments, vectors containing the DNA molecules,
cells transformed by the vectors, compositions containing
one or more of any of the above polypeptides, functional
segments, or DNA molecules, and a variety of diagnostic,
therapeutic, and prophylactic (vaccine) methodologies uti-
lizing the foregoing.
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2

Specifically, the invention features an isolated DNA mol-
ecule containing a DNA sequence encoding a polypeptide
with a first amino acid sequence that can be the amino acid
sequence of the polypeptide MTBN1, MTBN2, MTBN3,
MTBN4, MTBNS, MTBN6, MTBN7 or MTBNS, as
depicted in FIGS. 1A and 1B, or a second amino acid
sequence identical to the first amino acid sequence with
conservative substitutions; the polypeptide has Mycobacte-
rium tuberculosis specific antigenic and immunogenic prop-
erties. Also included in the invention is an isolated portion
of the above DNA molecule. The portion of the DNA
molecule encodes a segment of the polypeptide shorter than
the full-length polypeptide, and the segment has Mycobac-
terium tuberculosis specific antigenic and immunogenic
properties. Other embodiments of the invention are vectors
containing the above DNA molecules and transcriptional
and translational regulatory sequences operationally linked
to the DNA sequence; the regulatory sequences allow for
expression of the polypeptide or functional segment encoded
by the DNA sequence in a cell. The invention encompasses
cells (e.g. eukaryotic and prokaryotic cells) transformed
with the above vectors.

The invention encompasses compositions containing any
of the above vectors and a pharmaceutically acceptable
diluent or filler. Other compositions (to be used, for
example, as DNA vaccines) can contain at least two (e. g.,
three, four, five, six, seven, eight, nine, ten, twelve, fifteen,
or twenty) DNA sequences, each encoding a polypeptide of
the Mycobacterium tuberculosis complex or a functional
segment thereof, with the DNA sequences being operation-
ally linked to transcriptional and translational regulatory
sequences which allow for expression of each of the poly-
peptides in a cell of a vertebrate. In such compositions, at
least one (e. g., two, three, four, five, six, seven, or eight) of
the DNA sequences is one of the above DNA molecules of
the invention. The encoded polypeptides will preferably be
those not encoded by the genome of cells of the BCG strain
of M. bovis.

The invention also features an isolated polypeptide with a
first amino acid sequence that can be the sequence of the
polypeptide MTBN1, MTBN2, MTBN3, MTBN4, MTBN3,
MTBN6, MTBN7 or MTBNS as depicted in FIGS. 1A and
1B, or a second amino acid sequence identical to the first
amino acid sequence with conservative substitutions. The
polypeptide has Mycobacterium tuberculosis specific anti-
genic and immunogenic properties. Also included in the
invention is an isolated segment of this polypeptide, the
segment being shorter than the full-length polypeptide and
having Mycobacterium tuberculosis specific antigenic and
immunogenic properties. Other embodiments are composi-
tions containing the polypeptide, or functional segment, and
a pharmaceutically acceptable diluent or filler. Compositions
of the invention can also contain at least two (e. g., three,
four, five, six, seven, eight, nine, ten, twelve, fifteen, or
twenty) polypeptides of the Mycobacterium tuberculosis
complex, or functional segments thereof, with at least one of
the at least two (e. g., two, three, four, five, six, seven, or
eight) polypeptides having the sequence of one of the above
described polypeptides of the invention. The polypeptides
will preferably be those not encoded by the genome of cells
of the BCG strain of M. bovis.
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The invention also features methods of diagnosis. One
embodiment is a method involving: (a) administration of one
of the above polypeptide compositions to a subject sus-
pected of having or being susceptible to Mycobacterium
tuberculosis infection; and (b) detecting an immune
response in the subject to the composition, as an indication
that the subject has or is susceptible to Mycobacterium
tuberculosis infection. An example of such a method is a
skin test in which the test substance (e. g., compositions
containing one or more of MTBN1-MTBNS) is injected
intradermally into the subject and in which a skin delayed-
type hypersensitivity response is tested for. Another embodi-
ment is a method that involves: (a) providing a population of
cells containing CD4 T lymphocytes from a subject; (b)
providing a population of cells containing antigen presenting
cells (APC) expressing a major histocompatibility complex
(MHC) class II molecule expressed by the subject; (c)
contacting the CD4 lymphocytes of (a) with the APC of (b)
in the presence of one or more of the polypeptides, func-
tional segments, and or polypeptide compositions of the
invention; and (d) determining the ability of the CD4
lymphocytes to respond to the polypeptide, as an indication
that the subject has or is susceptible to Mycobacterium
tuberculosis infection. Another diagnostic method of the
invention involves: (a) contacting a polypeptide, a func-
tional segment, or a polypeptide/functional segment com-
position of the invention with a bodily fluid of a subject; (b)
detecting the presence of binding of antibody to the poly-
peptide, functional segment, or polypeptide/functional seg-
ment composition, as an indication that the subject has or is
susceptible to Mycobacterium tuberculosis infection.

Also encompassed by the invention are methods of vac-
cination. These methods involve administration of any of the
above polypeptides, functional segments, or DNA compo-
sitions to a subject. The compositions can be administered
alone or with one or more of the other compositions.

As used herein, an “isolated DNA molecule” is a DNA
which is one or both of: not immediately contiguous with
one or both of the coding sequences with which it is
immediately contiguous (i.e., one at the 5' end and one at the
3' end) in the naturally-occurring genome of the organism
from which the DNA is derived; or which is substantially
free of DNA sequence with which it occurs in the organism
from which the DNA is derived. The term includes, for
example, a recombinant DNA which incorporated into a
vector, e.g., into an autonomously replicating plasmid or
virus, or into the genomic DNA of a prokaryote or eukary-
ote, or which exists as a separate molecule (e.g., a cDNA or
a genomic fragment produced by PCR or restriction endo-
nuclease treatment) independent of other DNA sequences.
Isolated DNA also includes a recombinant DNA which is
part of a hybrid DNA encoding additional M. tuberculosis
polypeptide sequences.

“DNA molecules” include ¢cDNA, genomic DNA, and
synthetic (e.g., chemically synthesized) DNA. Where single-
stranded, the DNA molecule may be a sense strand or an
antisense strand.

An “isolated polypeptide” of the invention is a polypep-
tide which either has no naturally-occurring counterpart, or
has been separated or purified from components which
naturally accompany it, e.g., in M. tuberculosis bacteria.
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Typically, the polypeptide is considered “isolated” when it is
at least 70%, by dry weight, free from the proteins and
naturally-occurring organic molecules with which it is natu-
rally associated.

Preferably, a preparation of a polypeptide of the invention
is at least 80%, more preferably at least 90%, and most
preferably at least 99%, by dry weight, the peptide of the
invention. Since a polypeptide that is chemically synthe-
sized is, by its nature, separated from the components that
naturally accompany it, the synthetic polypeptide is “iso-
lated.”

An isolated polypeptide of the invention can be obtained,
for example, by extraction from a natural source (e.g., M.
tuberculosis bacteria); by expression of a recombinant
nucleic acid encoding the polypeptide; or by chemical
synthesis. A polypeptide that is produced in a cellular system
different from the source from which it naturally originates
is “isolated,” because it will be separated from components
which naturally accompany it. The extent of isolation or
purity can be measured by any appropriate method, e.g.,
column chromatography, polyacrylamide gel electrophore-
sis, or HPLC analysis.

The polypeptides may contain a primary amino acid
sequence that has been modified from those disclosed
herein. Preferably these modifications consist of conserva-
tive amino acid substitutions. Conservative substitutions
typically include substitutions within the following groups:
glycine and alanine; valine, isoleucine, and leucine; aspartic
acid and glutamic acid; asparagine and glutamine; serine and
threonine; lysine and arginine; and phenylalanine and tyro-
sine.

The terms “protein” and “polypeptide” are used herein to
describe any chain of amino acids, regardless of length or
post-translational modification (for example, glycosylation
or phosphorylation). Thus, the term “Mycobacterium tuber-
culosis polypeptide” includes full-length, naturally occur-
ring Mycobacterium tuberculosis protein, as well a recom-
binantly or synthetically produced polypeptide that
corresponds to a full-length naturally occurring Mycobac-
terium tuberculosis protein or to particular domains or
portions of a naturally occurring protein. The term also
encompasses a mature Mycobacterium tuberculosis poly-
peptide which has an added amino-terminal methionine
(useful for expression in prokaryotic cells) or any short
amino acid sequences useful for protein purification by
affinity chromatography, e.g., polyhistidine for purification
by metal chelate chromatography.

As used herein, “immunogenic” means capable of acti-
vating a primary or memory immune response. Immune
responses include responses of CD4+ and CD8+ T lympho-
cytes and B-lymphocytes. In the case of T lymphocytes,
such responses can be proliferative, and/or cytokine (e. g.,
interleukin (IL)-2, IL-3, IL-4, IL-5, IL-6, IL-12, IL-13,
IL-15, tumor necrosis factor-a (TNF-a), or interferon-y
(IFN-y))-producing, or they can result in generation of
cytotoxic T-lymphocytes (CTL). B-lymphocyte responses
can be those resulting in antibody production by the
responding B lymphocytes.

As used herein, “antigenic” means capable of being
recognized by either antibody molecules or antigen-specific
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T cell receptors (TCR) on activated effector T cells (e. g.,
cytokine-producing T cells or CTL).

Thus, polypeptides that have “Mycobacterium tuberculo-
sis specific antigenic properties” are polypeptides that: (a)
can be recognized by and bind to antibodies elicited in
response to Mycobacterium tuberculosis organisms or wild-
type Mycobacterium tuberculosis molecules (e. g., polypep-
tides); or (b) contain subsequences which, subsequent to
processing of the polypeptide by appropriate antigen pre-
senting cells (APC) and bound to appropriate major histo-
compatibility complex (MHC) molecules, are recognized by
and bind to TCR on effector T cells elicited in response to
Mycobacterium tuberculosis organisms or wild-type Myco-
bacterium tuberculosis molecules (e. g., polypeptides).

As used herein, polypeptides that have “Mycobacterium
tuberculosis specific immunogenic properties™ are polypep-
tides that: (a) can elicit the production of antibodies that
recognize and bind to Mycobacterium tuberculosis organ-
isms or wild-type Mycobacterium tuberculosis molecules (e.
g., polypeptides); or (b) contain subsequences which, sub-
sequent to processing of the polypeptide by appropriate
antigen presenting cells (APC) and bound to appropriate
major histocompatibility complex (MHC) molecules on the
surface of the APC, activate T cells with TCR that recognize
and bind to peptide fragments derived by processing by APC
of Mycobacterium tuberculosis organisms or wild-type
Mycobacterium tuberculosis molecules (e. g., polypeptides)
and bound to MHC molecules on the surface of the APC.
The immune responses elicited in response to the immuno-
genic polypeptides are preferably protective. As used herein,
“protective” means preventing establishment of an infection
or onset of a disease or lessening the severity of a disease
existing in a subject. “Preventing” can include delaying
onset, as well as partially or completely blocking progress of
the disease.

As used herein, a “functional segment of a Mycobacte-
rium tuberculosis polypeptide” is a segment of the polypep-
tide that has Mycobacterium tuberculosis specific antigenic
and immunogenic properties.

Where a polypeptide, functional segment of a polypep-
tide, or a mixture of polypeptides and/or functional seg-
ments have been administered (e.g., by intradermal injec-
tion) to a subject for the purpose of testing for a M.
tuberculosis infection or susceptibility to such an infection,
“detecting an immune response” means examining the sub-
ject for signs of an immunological reaction to the adminis-
tered material, e.g., reddening or swelling of the skin at the
site of an intradermal injection. Where the subject has
antibodies to the administered material, the response will
generally be rapid, e.g., 1 minute to 24 hours. On the other
hand, a memory or activated T cell reaction of pre-immu-
nized T lymphocytes in the subject is generally slower,
appearing only after 24 hours and being maximal at 24-96
hours.

As used herein, a “subject” can be a human subject or a
non-human mammal such as a non-human primate, a horse,
a bovine animal, a pig, a sheep, a goat, a dog, a cat, a rabbit,
a guinea pig, a hamster, a rat, or a mouse.

Unless otherwise defined, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
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invention pertains. In case of conflict, the present document,
including definitions, will control. Preferred methods and
materials are described below, although methods and mate-
rials similar or equivalent to those described herein can be
used in the practice or testing of the present invention.
Unless otherwise indicated, these materials and methods are
illustrative only and are not intended to be limiting.

All publications, patent applications, patents and other
references mentioned herein are illustrative only and not
intended to be limiting.

Other features and advantages of the invention, e. g.,
methods of diagnosing M. tuberculosis infection, will be
apparent from the following description, from the drawings
and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are a depiction of the amino acid
sequences of M. tuberculosis polypeptides MTBNI1-
MTBNS (SEQ ID NOS:1-8, respectively).

FIGS. 2A-2E are a depiction of the nucleotide sequences
of the coding regions (mtbnl-mtbn8) encoding MTBNI1-
MTBNS (SEQ ID NOS:9-16, respectively).

FIG. 3 is a bar graph showing the delayed-type hyper-
sensitivity responses induced by intradermal injection of 3
different test reagents in female guinea pigs that had been
either infected with M. tuberculosis cells or sensitized with
BCG or M. avium cells.

DETAILED DESCRIPTION

The genome of M. tuberculosis [Cole et al. (1998) Nature
393: 537-544] contains open reading frames (ORFs) that
have been deleted from the avirulent BCG strain.

The polypeptides encoded by these ORFs are designated
herein “M. tuberculosis BCG Negative” polypeptides
(“MTBN”) and the ORF's are designated “mtbn.” The inven-
tion is based on the discovery that a MTBN polypeptide
(MTBN34) elicited a skin response in animals infected with
M. tuberculosis, but not in animals sensitized to either BCG
or M. avium, a non-M. tuberculosis-complex strain of myco-
bacteria (see Example 1 below). These findings indicate that
MTBN (e.g., MTBN1-MTBNS) can be used in diagnostic
tests that discriminate infection of a subject by M. tubercu-
losis from exposure to both mycobacteria other than the M.
tuberculosis-complex and BCG. The M. tuberculosis-com-
plex includes M. tuberculosis, M. bovis, M. microti, and M.
africanum. Thus they can be used to discriminate subjects
exposed to M. tuberculosis, and thus potentially having or
being in danger of having tuberculosis, from subjects that
have been vaccinated with BCG, the most widely used
tuberculosis vaccine. Diagnostic assays that are capable of
such discrimination represent a major advance that will
greatly reduce wasted effort and consequent costs resulting
from further diagnostic tests and/or therapeutic procedures
in subjects that have given positive results in less discrimi-
natory diagnostic tests.

Furthermore, the results in Example 1 show that MTBN4,
as expressed by whole viable M. tuberculosis organisms, is
capable of inducing a strong immune response in subjects
infected with the organisms and thus has the potential to be
a vaccine.
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The MTBN polypeptides of the invention include, for
example, polypeptides encoded within the RD1, RD2, and
RD3 regions of the M. tuberculosis genome [Mahairas et al.
(1996) J. Bacteriol. 178: 1274-1282]. Of particular interest
are polypeptides encoded by ORFs within the RD1 region of
the M. tuberculosis genome. However, the invention is not
restricted to the RD1, RD2, and RD3 region encoded
polypeptides and includes any polypeptides encoded by
ORF's contained in the genome of one or more members of
the M. tuberculosis genome and not contained in the genome
of BCG. The amino acid sequences of MTBN1-MTBNS are
shown in FIGS. 1A and 1B and the nucleotide sequences of
mtbnl-mtbn8 are shown in FIGS. 2A-2E.

The invention encompasses: (a) isolated DNA molecules
containing mtbhn sequences (e.g., mtbnl-mthn8) encoding
MTBN polypeptides (e.g., MTBN1-MTBNS) and isolated
portions of such DNA molecules that encode polypeptide
segments having antigenic and immunogenic properties
(i.e., functional segments); (b) the MTBN polypeptides
themselves (e.g., MTBN1-MTBNS8) and functional seg-
ments of them; (c) antibodies (including antigen binding
fragments, e.g., F (ab') 2, Fab, Fv, and single chain Fv
fragments of such antibodies) that bind to the MTBN
polypeptides (e.g., MTBN1-MTBNS) and functional seg-
ments; (d) nucleic acid molecules (e.g., vectors) containing
and capable of expressing one or more of the mthn (e.g.,
mtbnl-mtbn8) sequences and portions of DNA molecules;
(e) cells (e.g., bacterial, yeast, insect, or mammalian cells)
transformed by such vectors; (f) compositions containing
vectors encoding one or more M. tuberculosis polypeptides
(or functional segments) including both the MTBN (e.g.,
MTBNI1-MTBNS8) polypeptides (or functional segments
thereof) and previously described M. tuberculosis polypep-
tides such as ESAT-6, 14 kDa antigen, MPT63, 19 kDa
antigen, MPT64, MPT51, MTC28, 38 kDa antigen, 45/47
kDa antigen, MPB70, Ag85 complex, MPTS53, and KatG
(see also U.S. Pat. No. 6,087,163); (g) compositions con-
taining one or more M. tuberculosis polypeptides (or func-
tional segments), including both the polypeptides of the
invention and previously described M. tuberculosis poly-
peptides such as those described above; (h) compositions
containing one or more of the antibodies described in (¢); (i)
methods of diagnosis involving either (1) administration
(e.g., intradermal injection) of any of the above polypeptide
compositions to a subject suspected of having or being
susceptible to M. tuberculosis infection, (2) in vitro testing
of lymphocytes (B-lymphocytes, CD4 T lymphocytes, and
CDS8 T lymphocytes) from such a subject for responsiveness
(e.g., by measuring cell proliferation, antibody production,
cytokine production, or CTL activity) to any of the above
polypeptide compositions, (3) testing of a bodily fluid (e.g.,
blood, saliva, plasma, serum, urine, or semen or a lavage
such as a bronchoalveolar lavage, a vaginal lavage, or lower
gastrointestinal lavage) for antibodies to the MTBN poly-
peptides (e. g., MTBN1-MTBNS) or functional segments
thereof, or the above-described polypeptide compositions;
(4) testing of a bodily fluid (e.g., as above) for the presence
of M. tuberculosis, MTBN (e.g., MTBN1-MTBNS) poly-
peptides or functional segments thereof, or the above-de-
scribed polypeptide compositions in assays using the anti-
bodies described in (c); and (5) testing of a tissue (e.g., lung
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or bronchial tissue) or a body fluid (e.g., as above) for the
presence of nucleic acid molecules (e.g., DNA or RNA)
encoding MTBN polypeptides (e.g., MTBN1-MTBNS) (or
portions of such a nucleic acid molecules) using nucleic acid
probes or primers having nucleotide sequences of the
nucleic molecules, portions of the nucleic molecules, or the
complements of such molecules; and (j) methods of vacci-
nation involving administration to a subject of the compo-
sitions of either (f), (g), (h) or a combination of any two or
even all 3 compositions.

With respect to diagnosis, purified MTBN proteins, func-
tional segments of such proteins, or mixtures of proteins
and/or the functional fragments have the above-described
advantages of discriminating infection by M. tuberculosis
from either infection by other bacteria, and in particular,
non-pathogenic mycobacteria, or from exposure (by, for
example, vaccination) to BCG.

Furthermore, compositions containing the proteins, func-
tional segments of the proteins, or mixtures of the proteins
and/or the functional segments allows for improved quality
control since “batch-to-batch” variability is greatly reduced
in comparison to complex mixtures such as purified protein
derivative (PPD) of tuberculin.

The use of the above-described polypeptide and nucleic
acid reagents for vaccination also provides for highly spe-
cific and effective immunization. Since the virulent M.
tuberculosis polypeptides encoded by genes absent from
avirulent BCG are likely to be mediators of virulence,
immunity directed to them can be especially potent in terms
of protective capacity. Where vaccination is performed with
nucleic acids both in vivo and ex vivo methods can be used.
In vivo methods involve administration of the nucleic acids
themselves to the subject and ex vivo methods involve
obtaining cells (e.g., bone marrow cells or fibroblasts) from
the subject, transducing the cells with the nucleic acids,
preferably selecting or enriching for successfully transduced
cells, and administering the transduced cells to the subject.
Alternatively, the cells that are transduced and administered
to the subject can be derived from another subject. Methods
of vaccination and diagnosis are described in greater detail
in U.S. Pat. No. 6,087,163, the disclosure of which is
incorporated herein by reference in its entirety.

The following example is meant to illustrate, not limit the
invention.

Example 1

MTBN4 Elicits a Specific Skin Reaction in Guinea
Pigs Infected with M. tuberculosis

Four groups of outbred female guinea pigs (18 per group)
were used to test the usefulness of the MTBN4 polypeptide
as a M. tuberculosis-specific diagnostic reagent. The four
groups were treated as follows.

Group 1 animals were infected by aerosol with approxi-
mately 100 M. tuberculosis strain H37Rv cells.

Group 2 animals were sensitized intradermally with 106
live M. bovis BCG Japanese cells.

Group 3 animals were sensitized intradermally with 106
live M. avium cells.
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Group 4 animals were mock-sensitized by intradermal
injection with saline.

Seven weeks after infection or sensitization, the animals
were injected intradermally with 1 pg of PPD (6 animals
from each group), 2 pg of purified recombinant MPT64 (6
animals from each group), or 2 pg of MTBN4 (6 animals
from each group). The diameter of the resulting erythema
was measured 24 hours later. Data are expressed as mean
diameter of erythema (in mm) and standard deviations are
indicated (FIG. 3).

No erythema was detected in the group 4 animals with any
test substance and thus no data are shown for this group. On
the other hand, group 1 animals (solid bars) showed a
significant response with all three test substances. Group 2
animals (open bars) showed a significant response to PPD
and MPT64 but not MTBN4.

Group 3 animals showed a significant response to PPD
only (hatched bars).

Thus, PPD which contains antigenic/immunogenic mol-
ecules common to the M. tuberculosis-complex as well as
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other mycobacterial strains, gave the least discriminatory
results in that it induced responses in animals infected with
or sensitized to mycobacteria of the M. tuberculosis-com-
plex (M. tuberculosis and BCG) as well as another non-
pathogenic mycobacterium (M. avium).

While MPT64, which is encoded and expressed by both
M. tuberculosis and BCG, did not elicit a response in
animals infected with M. avium, it did elicit responses in
both the M. tuberculosis infected and the BCG sensitized
animals. Finally, MTBN4 elicited a response in only the M
tuberculosis animals. Thus, it induced the most specific
response and, most importantly, allowed for discrimination
between animals infected with M. tuberculosis and those
sensitized to BCG.

Although the invention has been described with reference
to the presently preferred embodiment, it should be under-
stood that various modifications can be made without
departing from the spirit of the invention. Accordingly, the
invention is limited only by the following claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 16
<210>
<211>
<212>

<213>

SEQ ID NO 1
LENGTH: 591
TYPE: PRT
ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 1

Met Thr Ala Glu Pro
1 5

Glu Vval Thr Leu Glu

10

Arg Arg

Gln Thr

20

Ala Glu Ala

25

Leu Gly Ser Arg Tyr Lys Met

Thr Val Asn Glu Leu Ile Ala

40

Asn Pro Pro Leu

35

Leu

Gln Phe Ala Ile Met Glu

60

Leu
55

Pro Leu

50

Arg Gly Asp

Leu Gln Val Val Val Ser Ala

65

Asp Trp Gly

70

Asp Gly

75
Ile Ala
85

Gly Gly Gly Pro Gln Thr Gly Lys Ser Thr

90

Met Val Met Ala Ala Ala Thr His Ser Pro

105

Ser
100

Arg

Ile
115

Tyr Cys Asp Leu Gly Gly Gly Leu Ile

120

Gly Tyr

Val Val Ala

135

Glu Pro

140

His Asn Ser

130

Pro Gly Gly Arg

Val Val Ala Glu Met

150

Arg Gln Ala Val Met Gln

145

Arg
155

Phe Lys Glu His Arg Val Ser Ile Met

165

Gly Gly

170

Tyr

Gln Val Ala Ser Pro

185

Ser Pro

180

Asp Asp Pro Asp Tyr

Ile Ile

195

Leu Asp Gly Trp Pro Gly Phe Val Glu

200

Gly

Glu Gly Gln Val Gln Ala Ala Gln

210

Leu
220

Leu
215

Asp Gly

Val

Trp

Arg

Pro

Gly

Leu

Asn

Leu

125

Asp

Arg

Arg

Gly

Phe
205

Ala

Val

Leu

Leu
15

Asp

Pro Pro

30

Asp

Arg

Gly

Leu

Val

Arg Arg

His

Arg

Ile
80

Asn

Gln
95

Thr

Gln Phe

110

Glu

Lys

Glu

Gln

Asp

Asn Leu

Val Asn

Thr Thr

160

Leu
175

Arg

Val Phe

190

Pro

Phe

Asp Leu

Gly Val
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-continued

His Val Ile Ile Ser Thr Pro Arg Trp Thr Glu Leu Lys Ser Arg Val
225 230 235 240

Arg Asp Tyr Leu Gly Thr Lys Ile Glu Phe Arg Leu Gly Asp Val Asn
245 250 255

Glu Thr Gln Ile Asp Arg Ile Thr Arg Glu Ile Pro Ala Asn Arg Pro
260 265 270

Gly Arg Ala Val Ser Met Glu Lys His His Leu Met Ile Gly Val Pro
275 280 285

Arg Phe Asp Gly Val His Ser Ala Asp Asn Leu Val Glu Ala Ile Thr
290 295 300

Ala Gly Val Thr Gln Ile Ala Ser Gln His Thr Glu Gln Ala Pro Pro
305 310 315 320

Val Arg Val Leu Pro Glu Arg Ile His Leu His Glu Leu Asp Pro Asn
325 330 335

Pro Pro Gly Pro Glu Ser Asp Tyr Arg Thr Arg Trp Glu Ile Pro Ile
340 345 350

Gly Leu Arg Glu Thr Asp Leu Thr Pro Ala His Cys His Met His Thr
355 360 365

Asn Pro His Leu Leu Ile Phe Gly Ala Ala Lys Ser Gly Lys Thr Thr
370 375 380

Ile Ala His Ala Ile Ala Arg Ala Ile Cys Ala Arg Asn Ser Pro Gln
385 390 395 400

Gln Val Arg Phe Met Leu Ala Asp Tyr Arg Ser Gly Leu Leu Asp Ala
405 410 415

Val Pro Asp Thr His Leu Leu Gly Ala Gly Ala Ile Asn Arg Asn Ser
420 425 430

Ala Ser Leu Asp Glu Ala Val Gln Ala Leu Ala Val Asn Leu Lys Lys
435 440 445

Arg Leu Pro Pro Thr Asp Leu Thr Thr Ala Gln Leu Arg Ser Arg Ser
450 455 460

Trp Trp Ser Gly Phe Asp Val Val Leu Leu Val Asp Asp Trp His Met
465 470 475 480

Ile Val Gly Ala Ala Gly Gly Met Pro Pro Met Ala Pro Leu Ala Pro
485 490 495

Leu Leu Pro Ala Ala Ala Asp Ile Gly Leu His Ile Ile Val Thr Cys
500 505 510

Gln Met Ser Gln Ala Tyr Lys Ala Thr Met Asp Lys Phe Val Gly Ala
515 520 525

Ala Phe Gly Ser Gly Ala Pro Thr Met Phe Leu Ser Gly Glu Lys Gln
530 535 540

Glu Phe Pro Ser Ser Glu Phe Lys Val Lys Arg Arg Pro Pro Gly Gln
545 550 555 560

Ala Phe Leu Val Ser Pro Asp Gly Lys Glu Val Ile Gln Ala Pro Tyr
565 570 575

Ile Glu Pro Pro Glu Glu Val Phe Ala Ala Pro Pro Ser Ala Gly

580 585 590

<210> SEQ ID NO 2

<211> LENGTH: 99

<212> TYPE: PRT

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 2

Met Glu Lys Met Ser His Asp Pro Ile Ala Ala Asp Ile Gly Thr Gln
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14

Thr

Gln

Asn

65

Asp

Phe

Ser

Ser

Ala

50

Ala

Val

Ala

Asp

Val

35

Ala

Ser

Ala

Glu

Asn

20

Thr

Thr

Ala

Arg

Ala

Gly

Ala

Gln

Thr
85

<210> SEQ ID NO 3

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Mycobacterium tuberculosis

PRT

<400> SEQUENCE:

Met
1
Ala
Thr
Leu
Leu

65

Gln

Thr

Thr

Asn

145

Asn

Gly

Gly

Leu

Pro
225
Gly

Thr

Ala

Leu

Gly

Leu

Asn

50

Ala

Ala

Gln

Ile

Ile

130

Gln

Thr

Ala

Ser

Gly

210

Leu

Gly

Ser

Gly

Trp

Ala

Ser

35

Ser

Ala

Lys

Ala

Thr

115

Pro

Ala

Leu

Ser

Ser

195

Gln

Gln

Asn

Pro

Ala

His

Gly

20

Al